Posttransplantation diabetes (PTD) contributes to cardiovascular disease and graft loss in renal transplant recipients (RTR). Current recommendations advise fasting blood glucose (FBG) as the screening and diagnostic test of choice for PTD. This study sought to determine (1) the predictive power of FBG with respect to 2-h blood glucose (2HBG) and (2) the prevalence of PTD using FBG and 2HBG compared with that using FBG alone, in prevalent RTR. A total of 200 RTR (mean age 52 yr; 59% male; median transplant duration 6.6 yr) who were >6 mo posttransplantation and had no known history of diabetes were studied. Patients with FBG <126 mg/dl (7.0 mmol/L; n ‫؍‬ 188) underwent an oral glucose tolerance test (OGTT). Receiver operating characteristic analyses evaluated the optimal level of FBG predictive of PTD (2HBG >200 mg/dl [11.1 mmol/L]) and impaired glucose tolerance (IGT; 2HBG 140 to 200 mg/dl [7.8 to 11.0 mmol/L]). An abnormal OGTT was reported in 79 (42%) nondiabetic RTR: PTD (n ‫؍‬ 22) and IGT (n ‫؍‬ 57). The optimal FBG that was predictive of PTD was 101 mg/dl (5.6 mmol/L; area under the curve 0.70; sensitivity 64%, specificity 67%, positive predictive value 20%, negative predictive value 93%). The optimal FBG that was predictive of IGT was less well defined (area under the curve 0.54). The prevalence of PTD was higher by OGTT than by FBG alone (17 versus 6%; P < 0.001). FBG may not be the optimal screening or diagnostic tool for PTD or IGT in RTR. Consideration should be given to introducing the OGTT as a routine posttransplantation investigation, although the implications of a pathologic OGTT are still to be determined in this population.
P osttransplantation diabetes (PTD) and impaired glucose tolerance (IGT) represent a serious complication of renal transplantation, with incidence figures ranging from 2.5 to 53% (1) (2) (3) (4) . Clinical studies have identified that PTD is associated with reduced long-term graft survival, reduced patient survival, and increased cardiovascular morbidity and mortality (2, (5) (6) (7) . PTD incurs significant cost in the treatment of the renal transplant recipient (RTR), over and above the costs inherent to routine care (8) . The consequences of IGT in RTR are less well established, but given the association of IGT with the development and progression of diabetes and cardiovascular disease in the general population (9 -12) , it is likely that IGT may be important in the pathogenesis of these disease processes in RTR. Standardized screening for PTD and IGT in RTR is essential to diagnose asymptomatic individuals at an early stage with a view to preventing, through tight glucose control, the development and progression of the associated complications.
Recently developed consensus guidelines (13) have suggested that the diagnosis of PTD and IGT in RTR should be based on currently accepted definitions of diabetes and IGT in the nontransplant population (14, 15) . Fasting blood glucose (FBG) therefore is recommended as the screening test of choice for PTD in RTR. An FBG Ն126 mg/dl (7.0 mmol/L) is diagnostic of PTD, although confirmatory testing should be performed on a separate occasion. The consensus guidelines advise that screening for disorders of glucose homeostasis in established (Ͼ1 yr) RTR should be performed on an annual basis, in keeping with current American Society of Transplantation recommendations (16) . The oral glucose tolerance test (OGTT) is not recommended as a screening tool in RTR, although it is suggested that it should be performed in all RTR with FBG of Ն110 mg/dl (6.1 mmol/L) (17) . In liver transplant recipients, the OGTT has been advocated as an annual screening tool in all individuals with a normal FBG (18) . The diagnostic power of FBG with respect to 2-h blood glucose (2HBG) has never been validated in RTR; thus, the relationship between FBG and 2HBG in RTR is unclear. It is also unknown whether 2HBG provides additional prognostic information to FBG testing in RTR as it does in the general population.
The aims of this study were to determine whether 2HBG could be predicted from FBG and to compare the prevalence of PTD using FBG alone with that using an OGTT in a cohort of prevalent RTR.
Screening Protocol
Eligible patients had a preliminary blood test to measure blood glucose after an 8-h overnight fast (screening FBG). They then were invited to attend for an OGTT on a separate occasion. An OGTT was performed according to 1999 World Health Organization (WHO) specifications (14) . FBG was measured at baseline (time 0 FBG). All patients with time 0 FBG Ͻ126 mg/dl (7.0 mmol/L) then were given a drink that contained 75 g of dextrose monohydrate dissolved in 250 ml of water. A second blood sample was taken 2 h later for analysis of 2HBG. In patients with time 0 FBG Ն126 mg/dl (7.0 mmol/L), the test was not performed. A midstream urine sample was tested for the presence of glucose.
Biochemical Analysis
All samples for glucose tolerance testing (screening FBG, time 0 FBG, and 2HBG) were collected in sodium fluoride/potassium oxalate tubes. Glucose was analyzed using the glucose hexokinase enzymatic method (Roche, Sydney, Australia). The between-run coefficients of variation for FBG in our laboratory are 2.6% at 63 mg/dl (3.5 mmol/L) and 1.64% at 284 mg/dl (15.8 mmol/L; Hitachi Modular D; Roche, Sydney, Australia).
Diagnosis and Management of PTD and IGT
Two different screening and diagnostic methods were used to define PTD and IGT in the study cohort: (1) FBG: PTD was diagnosed when FBG was Ն126 mg/dl (Ն7.0 mmol/L), and (2) 
Statistical Analyses
Statistical analyses were performed using standard statistical software (SPSS Version 11.5; North Sydney, Australia). Results are expressed as mean Ϯ SD, median (interquartile range [IQR]), and frequencies (percentages), depending on the data type. Comparisons of means were made where appropriate, using the paired and unpaired samples t test. P Ͻ 0.05 were considered statistically significant. Intrapatient variability of FBG was assessed by performance of two measurements of FBG (screening FBG and time 0 FBG). Aim 1. Receiver operator characteristic (ROC) analyses were performed to determine the optimal level of time 0 FBG that was predictive of (1) PTD (defined as 2HBG Ն200 mg/dl [11.1 mmol/L]) and (2) IGT (defined as 2HBG between 140 and 200 mg/dl [7.8 to 11.1 mmol/L]). For each ROC analyses, we evaluated (1) the area under the curve (AUC), (2) the time 0 FBG value at the point on the ROC curve closest to the ideal of 100% sensitivity and 100% specificity, and (3) the positive predictive value (PPV) and negative predictive value (NPV) of the time 0 FBG level associated with the optimal sensitivity and specificity. Comparison of the mean AUC for screening FBG and time 0 FBG was performed using the t test. 
Results
In this section, FBG refers to time 0 FBG unless otherwise stated.
Clinical Characteristics
A total of 200 attended for an OGTT (study population). The baseline characteristics of the study population (n ϭ 200) are shown in Table 1 . Eligible patients who did not attend for an OGTT (n ϭ 80) were younger (44 Ϯ 13 yr) than the study population (52 Ϯ 12 yr; P Ͻ 0.001) but otherwise well matched.
In the study population, 117 (59%) were male and 184 (92%) were white. Median transplant duration of current transplant was 6.6 yr (2.8 to 12.9 yr). A total of 177 (89%) patients were on a stable regimen of either cyclosporin (n ϭ 139; 2. Table 2 . Neither the use nor the dose of corticosteroids and calcineurin inhibitors was associated with a pathologic OGTT. Fourteen (18%) patients with an abnormal OGTT had glucosuria: 10 had PTD, and four had IGT. Four (33%) patients with FBG Ն126 mg/dl (7.0 mmol/L) had glucosuria. No patients with normal glucose tolerance had glucosuria. The sensitivity and the specificity of glucosuria as a screening test in this population were 17 and 100%, respectively.
FBG and Prediction of PTD
Twenty-two (12%) RTR had 2HBG Ն200 mg/dl (11.1 mmol/L). Mean FBG in these patients was 106 Ϯ 14 mg/dl (5.9 Ϯ 0.8 mmol/L), and mean 2HBG was 227 Ϯ 25 mg/dl (12.6 Ϯ 1.4 mmol/L). There was no correlation between FBG and 2HBG (r ϭ Ϫ0.26, P ϭ 0.24) in these patients. The ROC curve for FBG predicting 2HBG Ն200 mg/dl (11.1 mmol/L) is shown in Figure 1a .
The AUC was 0.70 (95% CI 0.57 to 0.83) and was similar to that for screening FBG (AUC 0.75; 95% CI 0.65 to 0.87; P ϭ 0.71; Figure 1b ). Table 3 shows the sensitivity and the specificity for different levels of FBG predictive of 2HBG Ն200 mg/dl (11.1 mmol/L). Optimal sensitivity and specificity for FBG predicting 2HBG Ն200 mg/dl (11.1 mmol/L) were obtained at an FBG of 101 mg/dl (5.6 mmol/L; 64 and 67%, respectively). At this level, the PPV was poor (20%), although the NPV was more acceptable (93%). Instead of optimizing sensitivity and specificity, an alternative screening strategy could be adopted whereby sensitivity rather 
FBG and Prediction of IGT
Fifty-seven (29%) patients had IGT. Mean FBG in RTR who received a diagnosis of IGT was 100 Ϯ 11 mg/dl (5.6 Ϯ 0.6 mmol/L), and mean 2HBG was 160 Ϯ 18 mg/dl (8.9 Ϯ 1.0 mmol/L). There was no correlation between FBG and 2HBG (r ϭ 0.05, P ϭ 0.71). The ROC curve for FBG predicting 2HBG between 140 and 200 mg/dl (7.8 and 11.1 mmol/L) is shown in Figure 2a . The AUC was 0.54 (95% CI 0.45 to 0.62) and was similar to that for screening FBG (AUC 0.57; 95% CI 0.48 to 0.66; P ϭ 0.68; Figure 2b ). Table 4 shows the sensitivity and the specificity for different levels of FBG predictive of IGT. The FBG predictive of IGT, with optimal sensitivity and specificity, was not clearly identified from the ROC analysis. One (25%) in four RTR with IGT had FBG Ͻ90 mg/dl (5.0 mmol/L).
Comparison of PTD Prevalence Using FBG versus OGTT
Twelve (6%) patients had PTD by FBG, and 34 (17%) RTR had PTD by OGTT (P Ͻ 0.001). Specifically, significantly more patients received a diagnosis of PTD from 2HBG compared with those who received a diagnosis from FBG (65 versus 35%; P Ͻ 0.001). Only 12 (35%) RTR with PTD fulfilled both FBG and OGTT diagnostic criteria. Concordance between the two classifications of PTD was moderate ( ϭ 0.47). If the diagnosis of PTD had been based on FBG alone, then 65% of RTR with PTD would have been undetected. 
Comparison of Different Screening Strategies for PTD and IGT in RTR

Glycosylated Hemoglobin
Forty-seven (59%) patients with an abnormal OGTT and 7 (58%) with FBG Ն126 mg/dl (7.0 mmol/L) were also tested for glycosylated hemoglobin (HbA 1c %). There was no correlation between FBG or 2HBG level and HbA 1c % in patients with a pathologic OGTT (r ϭ 0.23, P ϭ 0.13; and r ϭ 0.05, P ϭ 0.72, respectively); however, there was a highly significant correlation between HbA 1c % and FBG level in patients with FBG Ն126 mg/dl (7.0 mmol/L; r ϭ 0.84, P ϭ 0.02).
Cost Analysis
Two hundred RTR were tested with an FBG at a laboratory cost of US$6.40 per test. Twelve patients received a diagnosis of PTD by FBG; thus, the laboratory cost per case of PTD diagnosed was US$107.10. A total of 188 patients were tested with an OGTT at a laboratory cost of US$7.70 per test. Twenty-two patients received a diagnosis of PTD by OGTT; thus, the laboratory cost per case diagnosed by this method was US$65.90, representing a decrease in cost per case diagnosed of 39% compared with FBG alone as a diagnostic test. By including patients with IGT in the cost analysis (n ϭ 57), the cost per case of abnormal glucose tolerance by OGTT was US$18.90, repre- senting a total decrease in cost per case diagnosed of 82%, compared with FBG alone with the benefit of 100% cases of PTD and IGT being identified.
Discussion
Principal Findings
This study has produced several important findings. First, previously undiagnosed PTD and IGT, as determined from oral glucose tolerance testing, are extremely common after renal transplantation, occurring in up to 50% of RTR beyond the first 6 mo posttransplantation. Second, FBG alone may not be a suitable screening test for PTD and IGT in RTR because its ability to predict an abnormal 2HBG is poor. Finally, an FBG Ն126 mg/dl (7.0 mmol/L) may not be the optimal diagnostic test for PTD, because 65% of RTR with PTD diagnosed from 2HBG level will go undetected unless glucose tolerance testing is performed routinely.
PTD and IGT in RTR
PTD is a significant complication of renal transplantation, and its incidence continues to rise (19, 20) . The development and progression of PTD and its associated complications may be delayed by readily available interventions that are proved to be beneficial, such that early detection is likely to be important. IGT is also common posttransplantation with reported prevalence rates as high as 35% at 10 wk posttransplantation, 31 to 45% at 1 yr posttransplantation, and 13% at 6 yr posttransplantation (1, 21, 22) . In the general population, asymptomatic IGT is an independent risk factor for all-cause mortality and of cardiovascular mortality in some studies (9 -11,23-25) . It is also associated with later development of type 2 diabetes (9) . The relationship between IGT and mortality in RTR is less well established, although a causal link with the development of PTD is recognized (22) . Whether intervention prevents the progression of IGT to PTD has yet to be established, although preliminary studies in the general population are encouraging (26 -29) . The detection of IGT and PTD in asymptomatic RTR at an early stage by an appropriate screening strategy is clearly justified (30) . Because the pathogenesis of PTD and IGT is similar to the pathogenesis of type 2 diabetes and IGT in the general population (31), it seems reasonable to apply screening and diagnostic guidelines that are applicable to the general population.
Screening and Diagnostic Recommendations for PTD and IGT in RTR
Although current recommendations are that FBG is the screening and diagnostic test of choice for PTD and IGT in RTR, it is acknowledged that the OGTT may provide useful supplementary information to FBG testing (13) . In the general population, there is evidence from several epidemiologic trials that up to 50% of patients whose diabetes is diagnosed by 2HBG will have FBG Ͻ126 mg/dl (7.0 mmol/L) (12, 23, 32, 33) , and a similar prevalence was observed in this small study. In nontransplant subjects, the 2HBG is more sensitive at diagnosing IGT than FBG (34) and is also a more sensitive predictor of cardiovascular mortality and all-cause mortality than FBG (10, 35, 36) . The prognostic implications of a pathologic OGTT in RTR are currently uncertain and await further study.
Relationship between FBG and 2HBG in RTR
The suitability of FBG as a screening and diagnostic test for PTD and IGT can be determined by examining the predictive power of FBG with respect to 2HBG. In the general population, the predictive power of FBG has been reported in several studies (37) (38) (39) . In a study of 1034 subjects, FBG was found to predict accurately 2HBG Ն200 mg/dl (11.1 mmol/L) with optimal sensitivity and specificity (Ͼ80%) obtained at FBG of 103 mg/dl (5.7 mmol/L) (37) . In another study, by taking a screening FBG level of 99 mg/dl (5.5 mmol/L) as a threshold for performing an OGTT, 90% of patients with newly diabetes and 78% of patients with dysglycemia were detected (38) . In RTR, although 2HBG has been used to assess both the prevalence of PTD and IGT and changing glucose tolerance over time (1, 22, 40, 41) , no studies to date have examined the relationship between FBG and 2HBG. In this study, the FBG that gave the optimal sensitivity and specificity for predicting PTD was 101 mg/dl (5.6 mmol/L). For IGT, the predictive power of FBG was poor, and an optimal level at which sensitivity and specificity were maximized was not clearly defined.
FBG or 2HBG as a Screening Test for PTD or IGT in RTR
The ideal screening situation involves the use of an inexpensive, noninvasive, easily reproducible test that has a high level of sensitivity, specificity, and predictive value and that will detect a common problem that can be treated and that if left untreated results in considerable morbidity and mortality (42) . PTD and IGT are disease processes in which screening clearly is justified; however, the screening test of choice remains debatable. Although FBG is reproducible with a reported intraindividual coefficient of variation of 6.4 to 11.4% (43, 44) , its suitability in terms of sensitivity, specificity, and predictive value is questionable, particularly with regard to IGT. This was evident from our study in which FBG was nondiscriminatory at predicting IGT. Nonetheless, it is a relatively inexpensive test (US$6.40/test) that causes minimal inconvenience to the patient. The OGTT is more time-consuming to perform, is inconvenient for the patient, and is less reproducible (45) with a higher intraindividual coefficient of variation (14.3 to 16.7%) (43, 44) . Despite these limitations, however, the OGTT is a more sensitive test for diagnosing PTD and IGT than FBG with minimal additional laboratory expense (US$7.70/test).
Comparison of Diagnostic Strategies for PTD in RTR
The prevalence of PTD using FBG alone as a diagnostic test was significantly less (6%) than that using an OGTT (17%) in this study. Our findings are congruent with results from studies in the general population in which prevalence of diabetes has been compared using different diagnostic criteria (32, 35, 46) .
Limitations
There were several limitations to this study. The study population was predominantly white, which may have affected the reported prevalence of PTD and IGT by oral glucose tolerance testing. More than 80% of the population was on corticosteroids, which may have had an impact on OGTT results. Care should be taken not to overinterpret these results, which may not be applicable to nonwhite transplant subjects or to populations in whom maintenance therapy with corticosteroids is less common. Nevertheless, it is evident that the prevalence of a pathologic OGTT is common in white RTR on a steroid-based regimen. Any potential limitations imposed by ethnicity or an immunosuppression regimen could be overcome easily by conducting a multicenter study, with particular attention paid to the effect of these possible confounders on FBG and 2HBG levels. Concurrent testing with HbA 1c % in all study participants could have provided useful information, particularly because in those who had a pathologic OGTT and were tested for HbA 1c % (47%), there was no correlation between 2HBG and HbA 1c %. Further studies should address the relationship between HbA 1c % and 2HBG in the context of both normal and abnormal glucose tolerance. An additional limitation of the OGTT is that it is less reproducible than an FBG. However, this could be addressed by reassessing glucose homeostasis with a second OGTT performed on a separate occasion.
Finally, approximately 30% of RTR who were requested to have an OGTT did not attend for the test. These patients were younger and more likely to be in full-time employment and therefore less able to attend for testing, which highlights an important practical issue with regard to performing any timeconsuming test in a clinical setting. However, we are confident that if the test were implemented as part of necessary, routine posttransplantation care, rather than as an option for the patient within the context of a clinical study, the attendance rate may be greatly improved.
Conclusion
The results of this study suggest that despite its simplicity and easy applicability, FBG alone may not be the optimal screening or diagnostic tool for PTD, owing to its lack of sensitivity and specificity. These findings confirm current recommendations that an OGTT should be performed in all RTR with normal or impaired fasting glycemia, although the frequency of routine OGTT testing remains uncertain and abnormal results may need to be interpreted with caution in patients who are steroid dependent. Consideration could be given to adopting a similar OGTT screening policy in RTR to what has been recommended in the posttransplantation treatment of liver transplant recipients, namely, a 6-monthly OGTT in any patient with a impaired fasting glycemia and an annual OGTT otherwise (18) . However, the results from this small study would need to be validated in much larger, heterogeneous populations before such a policy could be widely recommended.
The prognostic implications of a pathologic OGTT when the FBG is normal are still to be determined. It is also unknown whether targeting of an elevated 2HBG will improve prognosis in RTR, and randomized, controlled clinical intervention trials are required to address this. It seems reasonable, however, on the basis of presented evidence that consideration should be given to introducing the OGTT as a routine posttransplantation investigation in all RTR. This will maximize detection of asymptomatic individuals at an early stage with a view to preventing the progression of the associated complications. 
